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The spatial potassium vapor distribution in a charge-exchange c ll was obtained through an analysis of the photo-ion signal 
from fast Kr atoms, excited to a Rydberg state by pulsed collinear laser radiation. 
1. Introduction 
The subject of the investigation in this work is the 
alkali metal vapor distribution in a charge-exchange 
cell used to produce beams of accelerated atoms. 
Studying the collisions between fast atoms or ions 
and vapor particles, it will be a good idea to have 
insight into the spatial vapor distribution. Also the 
design of the charge-exchange c ll being economical 
for alkali metal calls for a study of the spatial vapor 
distribution in it. The photoionization methods for 
measuring ultralow concentrations of atoms and 
molecules are discussed in ref. [ 1 ] (section 10.1). 
The experiments in which the process of resonant 
charge exchange is studied and where non-laser 
methods are used to estimate atomic concentrations 
are referred to in ref. [ 2 1. 
Here a method is proposed that can be used to de- 
termine the vapor density distribution in a charge- 
exchange cell towards the accelerated atomic beam 
propagation. The essence of this method is that the 
number of atoms dl, in a certain quantum state 
formed by charge exchange at some point x of the 
ion beam trajectory is proportional to the local va- 
por density at this point, 
where Z,(x) is the ion current, cl0 is the cross-sec- 
tion of the charge transfer to the given atomic quan- 
tum state. In the discussion of this method we re- 
strict ourselves to the case I, (x) x const and one may 
disregard the effect of collisions between fast atoms 
and thermal particles. Otherwise the experiment will 
be more complicated. 
As the resulting fast atoms are excited by pulsed 
laser radiation to a long-lived Rydberg state with 
subsequent ionization, the photo-ion signal from a 
certain region will be proportional to the quantity of 
atoms in the initial state located in this region at the 
instant of laser pulse. So the time dependence of the 
photo-ion signal reflects the spatial distribution of 
atoms in the initial state and, hence, the density dis- 
tribution of the particles along the beam trajectory. 
If the atoms are excited by laser radiation from the 
ground or a metastable state (fig. la), the observed 
signal from point x will be proportional to the vapor 
density integral in the cell along the beam propa- 
gation direction from the entrance of the cell to the 
point x. In this case the density distribution (x) can 
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Fig. 1. The schemes of laser excitation. 
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be found by differentiating the observed ependence 
with respect o x. 
If, however, a short-lived atomic level is chosen to 
be the initial one (fig. 1 b), the photo-ion signal will 
follow the spatial distribution of vapor density in the 
cell. Quite a similar situation will take place if we 
start from a long-lived atomic level that is quickly 
depopulated by cw laser radiation to a certain state 
not interacting with the laser radiation (fig. lc). 
The advantage of this method is the possibility to 
do the measurements when only one direction, 
namely the direction of fast atomic beam propaga- 
tion, is within the investigator’s reach. 
2. Experiment 
The experiment was performed with a setup de- 
signed to detect rare isotopes by means of collinear 
laser photoionization of atoms in an accelerated beam 
[ 3 1. The setup is schematically shown in fig. 2. A Kr 
ion beam accelerated to an energy of 2.7 keV was 
produced by means of a high-frequency discharge ion 
source, then focused with a single lens and deflected 
by a magnetic field to the charge-exchange cell. Such 
deflection made it possible to disregard the neutral 
ion beam component and, in addition, to enter, by 
means of the mirror M, laser radiation to follow the 
ion beam. The fast ions exchanged their charge in a 
quasi-resonant fashion with potassium atoms in a 
charge-exchange c ll similar to the cell described in 
ref. [ 41. A substantial proportion of the Kr atoms in 
this case was in the ( ls5)5s[3/2]p metastable state. 
The cell was 10 cm long. With the temperature in the 
cell being 135 ‘C, approximately 10% of the krypton 
ions were converted to atoms. 
Pulsed two-step excitation of fast metastable Kr 
atoms in the state ( 1 ss) 5s [ 3/2]5 to a Rydberg state 
Field 
Fig. 2. Schematic diagram of the experimental setup: M mirror; 
f, filtering capacitor, s, adjustable slit; I, beam current meter. 
was carried out by laser radiation propagating col- 
linearly to the accelerated beam. It is schematically 
shown in fig. 3. At the first step of our scheme 
(ls,)5~[3/2];+(2~,)5~[3/2], we used the radia- 
tion of a dye laser pumped by the yellow line (5782 
A) of a copper-vapor laser (CVL). The beam energy 
of 2.7 keV ensured resonance between the green line 
(5 106 A) of CVL radiation propagating strictly with 
the accelerated beam and the second-step atomic 
transition (2p6)5p[3/21z+24d[3/2]8. The laser 
pulse duration was 18 ns, and the pulse repetition 
rate was 9.1 kHz. 
The ions that failed to exchange their charge in the 
cell were extracted from the beam by means of a fil- 
ter capacitor f with length N 2 cm and field strength 
E,x 400 V/cm. The filter capacitor field did not ion- 
ize the 24d [ 3/2]8 Rydberg atoms since the critical 
field strength for the state 24d[ 3/2]8 of Kr is about 
1300 V/cm [ 5 1. After the filter capacitor the atomic 
beam passed through the 1 m long field-free region 
surrounded by a thermal screen that could be cooled 
to liquid nitrogen temperature. Then through a dia- 
phragm, 2 mm in diameter, fast atoms entered an 
ionizer formed by two cylindrical electrodes. 
In the electric field of the ionizer the Rydberg at- 
oms were ionized and the resultant ions were de- 
flected onto a slit, with a secondary electron multi- 
plier (SEM) installed behind it. The signal from SEM 
was processed by means of a digital oscillograph and 
a computer. The flow of atoms at the exit of the setup 
was 3 x 10” s-‘, and it was measured with a detector 
based on secondary electron emission. 
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Fig.3. Energy level diagram and two-step laser excitation scheme 
for the Kr atom. 
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The photo-ion signal observed was considerably 
decreased due to radiative decay of the Rydberg state. 
Indeed, the lifetime of the Kr atom in the state 
24 d[3/2]2 is 5.6 us [5], and the time of flight of 
fast atoms from the charge-exchange c ll to the field 
ionizer (Lx1.2 m) is 15.2 ps. 
Besides radiative decay, there was ionization of the 
Rydberg atoms by black body radiation (BBR) at 
room temperature, 300 K, in the field-free region. 
About 0.12 Rydberg atoms that entered the field-free 
region were ionized by this radiation. As the thermal 
screen was cooled to the liquid nitrogen tempera- 
ture, the fraction of such ions considerably de- 
creased. Due to the small lifetime of the Kr atom in 
the state 24d[3/2], in comparison with the time of 
flight approximately only 0.06 atoms, excited in the 
charge-exchange cell, reached the ionizer in Rydberg 
state. Thus, the photo-ion signal resulting from the 
ionization of Rydberg atoms by BBR at 300 K ex- 
ceeded by about twice the signal due to the electric 
field ionization of the Rydberg atoms that had 
reached the ionizer. Therefore, in order to detect he 
photo-ion signal from the charge-exchange cell it was 
preferably to deflect the ions formed in the field-free 
region due to the BBR onto the detector. This was 
effected by applying an appropriate potential across 
the field ionizer. Unfortunately, our experimental 
sensitivity was not enough to observe the spatial va- 
por distribution in the case of the Kr excitation from 
short-lived states in the charge-exchange c ll. 
3. Results 
The photo-ion signal as a function of time is given 
in fig. 4 (jagged curve). The processing of the ex- 
perimental data was made by computer. The first step 
was to smooth the signal curve. The resulting mo- 
notonous curve is shown in fig. 4. The second step 
was to take a derivative of the monotonous curve 
with respect o time, and to take into account that 
the lifetime of the Rydberg state is 5.6 us (fig. 5). 
The half-width of this differential curve is 1.05 us 
which corresponds to 8.3 cm and agrees well with the 
total length of the charge-exchange c ll. 
A variation of the temperature in the charge-ex- 
change cell between 120°C and 140°C changes the 
maximum potassium vapor density from 8 x lo-’ 
mm Hg to 3x 1O-4 mm Hg [ 61. In this range the 
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Fig.4. The photo-ion signal as a function of time. 
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Fig.5 The differential curve as a function of time, obtained by 
time differentiation of the photo-ion signal. 
half-width of the resulting differential curve was in- 
dependent of the temperature. 
Thus, the proposed method can be applied to study 
the spatial distribution of particles in setups oper- 
ating with accelerated atomic beams. 
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